Abstract-Proper sewage disposal has not been given serious attention it deserves in many developing countries especially in view of its implication the environmental health conditions of the populace. The problem to be resolved is that the sewage disposal methods adopted by residents of Katsina metropolis, northern Nigeria have negative impacts on their environmental health conditions. The methods used to solve the problem include field visit to the different parts of the metropolis to examine the disposal methods and interview with the residents and environmental officials. The results have shown that a decentralized sewage disposal system exists whereby different methods are used in the different residential areas of the metropolis. The five methods used except one have negative impacts on the environmental health conditions of the inhabitants. However on daily, weekly and monthly basis household heads, clubs and societies, committee of residents, the State Environmental Protection Agency are making efforts towards ensuring proper sewage disposal for a healthy environment. Despite the efforts made the negative impacts still persists. The conclusions achieved are that more efforts should be put to ensure proper sewage disposal in the metropolis and thereby reducing the negative environmental health impacts that were created by the majority of the methods used for sewage disposal.  Index Terms-assessment, sewage, disposal methods, environmental health, impacts
I. INTRODUCTION
Sewage is running waste water that is dispose off from homes and shops which is normally transported in form of small liquid with suspension of small solid in large pipes called sewers. The waste water may either be directed to a specific pace to be recycled or be disposed off far away from people as it can lead to spread of diseases [1] . Sewage is a complex mixture containing nutrients, suspended solids, pathogens, oxygen's dissolving substances and other contaminants and each has different environmental impact [2] .
Sewage need to be disposed off as it is unwanted water from homes and shops. Sewage disposal is therefore the return of used water to the environment. Disposal points distribute the used water either to aquatic water bodies Manuscript received March 3, 2014 2014.
such as oceans, rivers, lakes, stream, ponds or lagoons or to land by absorption systems, ground water recharge and irrigation [3] . Sewage disposal methods are the ways that are available to home and shop owners for the release of waste water into the environment. Environmental health is defined by World Health Organization (WHO) as those aspects of human health and diseases that are determined by factors in the environment. It refers to the theory and practice of assessing and controlling factors in the environment that can potentially affects health [4] .Environmental health therefore encompasses all the physical, chemical and biological factors external to a person and all the related factors impacting behaviours. It encompasses the assessment and control of those environmental factors that can potentially affects health [4] .Environmental factors plays an important role in health and diseases among the population. It is based on this that the paper tries to assess sewage disposal methods and their environmental impacts in Katsina metropolis in Northern Nigeria.
According to United Nations Educational, Scientific and Cultural Organization (UNESCO), the global waste water generation is increasing at an exponential rate, as a result of rapid population growth and urbanization. An overwhelmingly large position of African and Asian population still remains without access to sanitation and waste water treatment facilities [5] . A large volume of untreated waste water is dumped directly into our water resources, threatening human health, ecosystems, biodiversity, food security and the sustainability of our water resources [5] .
In Nigeria, different cities use different methods of sewage disposal, while some cities have organized functional sewage system such as Abuja, Port Harcourt, Kaduna, Calabar and Lagos, other cities have no sewage disposal system and as such operate disorganized and decentralized methods of waste disposal. Also not much attention is given to studies on sewage disposal by research scholars. Some of the studies include Environmental Implications of sewage disposal methods in Enugu Metropolis South Eastern Nigeria which observed contamination of water supplies by sewage [6] . Another study on Port Harcourt reveal that some well constructed and maintained drains, as well as open drains and septic tanks expose women and children to the possibility of direct contact with parasitic organisms and guidelines on excreta and sewage management 2005 are formulated to ensure countrywide access to efficient and sustainable sanitary excreta and sewage management methods and obviate associated public health hazards [8] .
This research study is focused on Katsina metropolis located in northern Nigeria covering a land area of 3,370 square kilometer and lies between latitudes 11 o 08'N and 13 o 22'N and longitude 6 o 52'E and 9 o 20'E [9] (See Fig. 1 ). Katsina has been built on a spur of land between Ginzo and Tilla streams which flow in a north easterly direction and is at a narrow neck of watershed between the Gada and Tagwai river basins. Katsina is a local government headquarters and is the capital city of Katsina state one of the 36 states that comprises Federal Republic of Nigeria. It is an ancient old city that was formally a city state surrounded by city wall of 21 kilometers in length. The climate is tropical continental type classified according to Koppen climate classification with long dry season and short wet season. The city is moderately populated with about 700,000 persons been recent estimates mainly as a result of natural increase and migration from other cities. The objectives of the research study are identify and explain the methods of sewage disposal in the metropolis, to highlight the environmental health implications of the methods and examine the efforts for proper sewerage disposal used by the people and government. Data for the study were collected by visiting the different parts of the metropolis in January and February 2014 to examine the disposal methods and interview residents and environmental officials on the other objectives of the study. The data collected were analyzed using descriptive analysis. Pictures of sewage disposal sites such as drainages, streams, ponds and puddles were snapped and incorporated in the paper.
II. SEWAGE DISPOSAL METHODS IN KATSINA METROPOLIS
In Katsina metropolis, as is the case with many State capital cities in Nigeria there is no functional centralized sewage system. What exists is a decentralized system where every resident constructs outlets at ground level to discharge waste water [10] . It is this decentralized system that have brought about five different methods of sewage disposal in Katsina metropolis. These are explain below
A. Septic Tank
This is a large air-tight hole in the ground lined with bricks or concrete with an inlet pipe for incoming sewage and outlet pipe for treated sewage. The tank has a removable concrete cover with air vents for gases to escape. Sewage entering the tank is decomposed anaerobically by bacteria. This method is more hygienic as the sewage does not come out to the ground surface and do not occupy floor area on the roadsides or impair the beauty of the surroundings [11] . This system is used in Government Residential Areas (GRA), Goriba Road Housing Units, Barhin Housing Units, Shagari Low Cost Housing Estate and Kofar Kaura Residential Layout. However, these residential areas represent only 15% among the sampled areas for the study. Based on the field work carried out for the study, this is the only method that has no negative environmental health impacts.
B. Sewage Flow into Storm Water Drainages
This is the method by which residents dig or construct small outlets at ground level which were used to discharge waste water into storm water drainages constructed by the State Government. In some houses very close to the storm drainages the sewage flow in directly while in other areas some meters away the sewage has to travel to reach the drainages. Some of these drainages are found along major roads and others are found within residential areas. However inside all these drainages the sewage does not flow freely as waste materials of different kinds and sizes fall into the drainages choking and blocking sewage flow. This method is found in majority of the areas sampled for the study as it represents 27% of the total. Example of these areas include IBB Way, Shararrar pipes, Dutsin Safe Housing Units, Kofar Sauri, Filin Polo and Unwala.
The figure below shows one section of the storm water drainages at Unwala 
C. Sewage Flow into Open Ground
This is the method used in new residential areas that new buildings of homes were still being constructed. These areas include Bayan Tudun Yan Lihidda, Sabon Titi, Daura Road Quarters, Yanun Rahamawa, Tudun Mutawalle etc. These areas represent 21% of the total sampled areas and are the second most used method. By this method, residents of homes just construct outlet to let the sewage flow out of their houses into the open ground. The sewage flowing into the open ground at times goes on ends up forming puddles. These puddles were seen in these areas during field work.
The figure below shows one of the puddles formed by sewage flow at Yammawa Quarters. 
D. Sewage Flow into Streams
This is the method by which sewage flow into four streams found in the metropolis. These streams include Tilla, Ginzo, Nayalli and one other along Batsari Road. The houses located near these streams construct outlets that drain their sewage into these streams.
These areas include Sabuwar Kofa, Farin Yaro, Abattoir Quarters, Bayan Daji, Sabuwar Unguwa etc. These areas represent 20% of the total sampled areas for the study. This method of discharging sewage into streams is similar to what is obtained in other developing countries where rivers and streams are little more than open sewers [12] .
The figure below shows one of the sewage streams at Bayan Daji. 
E. Sewage Flow into Water Ponds
This is the method by which sewage is directed to flow into the several water ponds found within the metropolis. Houses that have water ponds behind them simply direct sewage pipes and outlets into the ponds. The residential areas that adopt this method are found at Yarinchi, Sabon Layi, Gwan Gwan, Unguwar Shariffai, Darma etc. These areas represent 17% of the total sampled areas for the study. The use of ponds for the discharge of sewage has been a practice of the people of Katsina for many years [13] .
The figure below shows one of the water ponds used for sewage disposal. 
III. ENVIRONMENTAL HEALTH IMPACTS OF THE SEWAGE DISPOSAL METHODS
The different decentralized sewage disposal methods used in Katsina metropolis have several negative environmental impacts on the environment. The only method that has no visible negative impact on the environment is the septic tank system. The other four methods have negative environmental impacts which are highlighted below:  Air pollution is created when the sewage is cleared as foul odour emanates from the cleared drainages. Also the decomposition of organic materials that are dumped in the drainages also release foul odour.This foul odour pollutes the air people breathe in and is capable of creating health hazards to the people around the areas. According to some automobile mechanics interviewed whose workshop is located close to sewage drainages terminal, the flowing down of the sewage releases a very foul odour that makes their work uncomfortable.  Stagnant water is created in the sewage outlets, drainages, puddles, ponds and sometimes even on the streams. This stagnant water is the breeding area for mosquitoes and other disease vectors. Besides this it is known that pathogenic organisms are present in sewage and are bound to cause ailments and diseases [14] . A study on Katsina has observed that improper sewage disposal is blamed for causing diseases such as typhoid fever, malaria, diarrhea and dysentery in the metropolis [15] .  Water pollution is an environmental impact as sewage that flows on the surface pollutes such as streams and underground wells. These water bodies are collected and used by the people for various domestic purposes especially in view of the shortage of portable water supply in the metropolis. Besides this there are residential areas where water pipes follows through sewages and when the pipes break sewage water finds its way into the water pipes causing water pollution. Suspended solids and dissolved inorganic solids present in the waste water are among the water pollutants which cause water pollution [16] .Water pollution is responsible for cases of Diarrhea and Dysentery that were reported in the health centers in the metropolis.  Increase in waste disposal problems as surface dug out channels and drainages became choked with improperly disposed waste materials. The sewage channels in the different parts of the metropolis contain waste materials that are either dropped in or when improperly disposed are blown by wind into the channels. These waste materials are different to remove when they are wet inside the drainages. The wastes so removed from the drainage channels usually go back with greater adverse effects on the environment than hitherto found inside storm water drainages blocked the drainages and when the rainy season begins causes flooding which brings psychological stress to the victims due largely to the loss of shelter and  Difficulty of movement due to the numerous dug out channels, drainages and puddles that were created on the ground surface as a result of the sewage disposal methods. Movement of people on foot, bicycle, motorcycles are becoming difficult as a result of the channels, drainages and puddles that cross the streets and walkways particularly in the old city. In one of the areas visited Saulawa the channels were running right in front of people's houses. There is also the risk of falling into the channels, drainages and puddles which can get a person injured especially children that sometimes fall inside and by falling inside also come in direct contact with the pathogens present in the sewage The Environmental health impacts of the methods can be seen on Table I Sewage flow into water pond Create stagnant water that is breeding area of disease vectors.
5
Septic Tank system Minimal negative impact on underground soil and soil micro-organisms.
IV. EFFORTS TOWARDS SEWAGE DISPOSAL FOR HEALTHY ENVIRONMENT
Sewage disposal is a major environmental challenge in Katsina metropolis in view of the negative environmental health impacts the methods have created. Thus on daily, weekly and monthly basis individuals, groups, clubs and societies, communities, local and state government are making effort towards sewage disposal. These efforts include:
 Household heads, their children or hired labourers usually every morning or evening using implements such as shovel and rake remove waste materials and sediments that are found in the channels and drainages to allow free flow of sewage. However not every head or their children do this daily and materials/sediments removed were seldom not collected and evacuated to as refuse dump.  Clubs and societies carry out removal of waste materials, sediments and silt in the drainages to permit free flow of sewages. They carry out this activity mainly during the monthly environmental sanitation days that fall on the last Saturday of every month. 
V. CONCLUSION
Based on the data collected and analyzed it could be observed that four of the five methods of sewage disposal in Katsina metropolis have negative environmental health impacts which affects the wellbeing of the people. There were several studies in the past that have linked the prevalence of many diseases in the metropolis to inadequate sanitation especially improper sewage disposal. One of such studies observed the need for proper sewage management for a healthy environment in the metropolis [19] . Sewage disposal in the metropolis is an everyday problem as the open drains need to be cleared on daily basis to ensure free flow of sewage. However many residents seems not to care to clear their sewage channels on daily basis which calls for increased public enlightenment on environmental sanitation in general. The State Government has to come in to assist people in constructing sewage channels, reconstruct dilapidated drainages and drain puddles to remove stagnant water from residential areas, organize sewage flow in new residential areas and remove waste materials that choked drainages to permit sewage flow. It is only when these are done that the present challenges posed by improper sewage disposal can be overcome from reaching a crisis proportion. 
